Reduced neuromuscular quantal content with normal synaptic release time course and depression in canine motor neuron disease.
Hereditary canine spinal muscular atrophy is an autosomal dominant version of motor neuron disease in which motor units exhibit extensive dysfunction before motor terminal or axonal degeneration appear. We showed in a previous paper that motor endplate currents (EPCs) are reduced and that failures of nerve-evoked EPCs appear in the homozygote medial gastrocnemius (MG) muscle in which failing motor units are also found, suggesting a presynaptic deficit of ACh release. To examine this further, we performed a detailed analysis of synaptic release properties in the MG muscle of homozygotes and compared the results with data from genetically normal control animals. We found that the amplitude of miniature EPCs (mEPC) did not differ between homozygote and normal synapses, indicating that quantal content is reduced at homozygote motor terminals. Consistent with this, deconvolution analysis showed that the maximum release rates at homozygote motor terminals were significantly reduced relative to normal. This analysis also demonstrated that the time course of quantal release at homozygote synapses did not differ from normal. The extent of quantal release depression during high-frequency activation in homozygotes did not differ from normal despite the significant reduction of quantal content and maximum release rate. Surprisingly, the absolute amount of posttetanic potentiation was not decreased at homozygotes motor terminals despite the differences in quantal content. We conclude that failure of homozygote motor unit force during repetitive activity is due to a unique combination of low quantal content and normal release depression and suggest that the primary deficit in homozygote motor terminals is a reduced supply of readily releasable quanta.